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Abstract: Enrichment planting is commonly used for increasing the 
density of desired tree species in secondary forests often characterized by 
a prevalence of low commercial species. The objectives of the study were 
to identify the optimal enrichment planting method vis-a-vis gap and line 
planting, and to evaluate the performance of two dipterocarps ( Vatica 
cinerea and Dipterocarpus alatus ) and three legumes ( Afzelia xylocarpa, 
Pterocarpus macrocarpus , Dalbergia cochinchinensis) planted in 
logged-over mixed deciduous forest of Laos. The enrichment planting trial 
was arranged in a randomized complete block design with seven replica¬ 
tions. Survival, height and diameter were measured seven years after 
planting and subjected to analysis of variance. Survival rate of planted 
seedlings did not vary between enrichment planting (p > 0.05). However, 
diameter and height growth was favored more in gaps than in planting 
lines. This was related to rapid canopy closure in both gaps and lines, 
albeit more remarkable in planting lines. Significant inter-species varia¬ 
tion was detected for survival rate, height and diameter. The shade-tolerant 
dipterocarps had better survival and growth than the light-demanding 
leguminous species (p < 0.0001). The size class distribution of individuals 
was irregular, accentuating uneven light condition in the understory. 
Given the difficulty to maintain constant line width and even light condi¬ 
tion, the cost of annual clean operation and the rigid geometric patterns of 
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planting lines, the use of logged-over gaps for enrichment planting is 
recommended. Dipterocarpus alatus and V cinerea are recommended for 
enrichment planting in mixed deciduous forests. A. xylocarpa, D. cochi- 
chinensis and P. macrocarpus can be planted in wider gaps, lines and 
open sites as plantation of mixed species or under canopy of young 
swidden forests. 

Keywords: Gap planting; Line planting; Secondary forest; Species trial; 
Tropical forest 

Introduction 

Over-exploitation and fragmentation of natural forests have been 
typical problems in Southeast Asia, though its intensity varies 
from one country to another. In Laos alone, the forest cover had 
declined from 17 million hectares in 1940 to 11 million hectares 
by 1993 (Domoto 1997). As in other developing countries, the 
existing forests are also degraded due to tree felling by shifting 
cultivators and timber poachers (Foppes 1995; Jacobs 1996). In 
many instances, the officially designated forests are actually scrub 
formations comprising of few trees, implying that the real forest 
area is smaller than the official estimates and/or heavily un¬ 
der-stocked with desirable species. Secondary succession on 
logged-over tropical deciduous forest is often characterized by a 
prevalence of low commercial value species. In recent years, there 
have been attempts to accelerate the recovery of degraded forest 
and deforested land, restore productivity and biodiversity and for 
climate mitigation. Enrichment planting is the preferred method 
of assisting the natural regeneration of degraded forests when 
desirable species are absent or are present at low densities (Ap- 
panah and Weinland 1993). 

Enrichment planting is defined as the introduction of valuable 
species into degraded forests without eliminating valuable indi¬ 
viduals already present (Lamprecht 1990). It has been suggested 
as a technique for restoration of overexploited and secondary 
forests in stands no longer offering the possibility of a harvest in 
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the mid-term, and where ecological restoration is an objective 
(Adjers et al. 1995; Montagnini et al. 1997; Ashton et al. 2001; 
Paquette et al. 2006). It may be useful in areas where natural 
regeneration is insufficient, for reintroducing species that have 
disappeared following overexploitation or to establish forest 
species that are inappropriate in open plantations. It involves 
planting of species of commercial or high local values using 
different approaches such as line-, under- or gap-planting. Line 
planting consists of cutting lines or transects of a given width 
through the existing vegetation and planting seedlings of the 
desired species at regularly-spaced distance along these lines. The 
light level created by the line depends on the direction and width 
of lines, and on the height of the surrounding vegetation, which 
are species-specific (Adjers et al. 1995; Montagnini et al. 1997; 
Pena-Carlos et al. 2002). Although line planting has been applied 
successfully in different places, it is not widely practiced due to 
high cost of regular maintenance of the lines and rigid geometric 
patterns, making the stand look less natural. Contrary to planting 
in regularly spaced lines, gap planting has better resemblance to 
natural gap dynamics (Denslow 1987), which could be considered 
advantageous in restoration programs. 

Generally, canopy openness (Jennings et al. 1999) and quality 
of light (Leakey et al. 2003) appear to be key factors influencing 
the survival rates (Pena-Carlos et al. 2002) and growth of un¬ 
der-planted seedlings (Tuomela et al. 1996; Romell et al. 2008). 
For tropical rain forest species, partial shade has been shown to be 
the best growth environment, albeit inter-species differences in 
shade responses (Ashton 1995; Tennakoon et al. 2005). In addi¬ 
tion to direct effects on light conditions at the forest floor, other 
factors such as soil moisture, nutrient availability, the occurrence 
of severe stresses and other potentially damaging agents may 
influence the survival and establishment of under-planted seed¬ 
lings. However, the importance of these factors may change 
temporally as the surrounding vegetation recovers and the planted 
seedlings develop. 

Current knowledge about factors affecting the results of en¬ 
richment planting and the performance of seedlings planted in 
logged-over mixed deciduous forests of Laos is limited. Most 
studies on enrichment planting in Southeast Asia focused mainly 
on dipterocarps (e.g. Adjers et al. 1995; Tuomela et al. 1996; 
Marod et al. 2004; Romell et al 2008). Such information is highly 
needed, as Laos is changing its forest management policies to¬ 
wards restoration of degraded forests and reforestation programs 
through enhanced local participation. As stipulated in the Forestry 
Strategy 2020 document (MAF 2005), it is envisaged to increase 
the national forest cover to 70% by the year 2020 through estab¬ 
lishment of plantations and natural regeneration of degraded 
forests including fallow forests. Therefore, we examined the 
performance of five native tree species planted in degraded mixed 
deciduous forest in Laos after seven years. The main objectives of 
the study were to identify the optimal enrichment planting method 
vis-a-vis planting gaps and planting lines, and select species that 
are suitable for rehabilitating degraded mixed forests. We hy¬ 
pothesized that: (1) survival and growth of tree species will be 
higher in smaller gaps than on wider planting lines due to the 
direct and indirect effects of canopy openness, and (2) in- 
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ter-species variation may exist due to species-specific response to 
conditions created in gaps and planting lines. 

Materials and Methods 

Study area 

The study site is located at Napo and Nongboua villages in Sang 
Thong District, 70 km north-west of Vientiane, the capital of Lao 
Peoples Democratic Republic (18°16'26" N and 102°10'31" E). It 
is characterized by hilly topography with altitudes varying be¬ 
tween 200 and 400 m a.s.l. and a typical monsoon climate with a 
distinct rainy and dry season. Based on data collected by the 
Department of Meteorology in Vientiane from 1995 to 2005, the 
mean monthly rainfall was about 1647 ± 16.4 mm during the rainy 
season and mean daily temperature was 26.74±0.66°C. The geo¬ 
logical formation consists mainly of sandstone, and alisol is the 
dominant soil type (MAF 1996). The prevailing forest type is a 
mixed deciduous forest, covering an area of 400 ha, with Lager- 
stromia sp, Irvingia malayana Oliver ex A. Benn., Sandoricum 
koetjape Merr., Dipterocarpus costatus C.F. Gaernt, Hopea ferrea 
Heim as the most common woody species (FOF/GTZ 1996). The 
majority of the forests were heavily degraded by logging activities 
during the last four decades by Japanese logging company, Osaka, 
which harvested rosewood, Pterocarpus macrocarpus Kurz and 
Dalbergia spp. for about three years and followed by the State 
Logging Company which operated in the area from 1981 to 1991 
(Thapa 1998). The remaining mixed deciduous forest is now 
characterized by the rampant occurrence of bamboo in the un¬ 
derstory and a low abundance of high-value commercial tree 
species, like Afzelia, Dalbergia and Pterocarpus (Dietmar et al. 
2001), in the upper-story. The stocking volume above 20 cm DBH 
in general does not exceed 120 m 3 *ha" 1 (PROFEP 2001). 

Experimental design 

Enrichment planting plots were established in 2000 by the Faculty 
of Forestry, National University of Laos, with an area of ap¬ 
proximately 40 ha of logged-over tropical mixed deciduous forest. 
The forest was divided equally into two blocks (20 ha each); one 
of which was used for gap planting and the other for line planting. 
Before the rainy season, planting lines and gaps were created by 
selectively cutting down the aboveground layer (non-commercial 
trees and shrubs) and clearing the ground layer. A total of 16 gaps 
were created per ha; each gap covered an area of 8 x 8 m and the 
distance between two successive gaps was 20 m, measured from 
the gap center (Fig. 1). For line planting, five lines with 100 m 
length and 2 m width were set per hectare, separated by 20 m from 
each other (Fig. 1). The planting lines were oriented east to west to 
ensure the incidence of light. Within each block, seedlings of five 
indigenous tree species: Afzelia xylocarpa Craib, P. macrocarpus , 
Dalbergia cochinchinensis Pierre, Vatica cinerea King and Dip¬ 
terocarpus alatus Roxb were planted. The first three species 
belong to Fabaceae/Leguminosae while the last two species are 
members of the Dipterocarpaceae. Most dipterocarp species are 
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shade tolerant while the legumes exhibit a range of responses to their high quality timber and non-timber products such as oleo- 

light from intermediate to light-demanding (Table 1). The species resins and natural anti HIV constituents (Brautigam 1996; 

represented in the present study are also highly appreciated for Ankarfjard andKegl 1998; Zhang et al. 2003). 


Layout of each of the plot for gap planting 



Fig. 1 Layout of the experimental design for enrichment planting of Afzelia xylocarpa (Afxy), Pterocarpus macrocarpus (Ptma), Dalbergia 
cochinchinensis (Daco), Vatica cinerea (Vaci) and Dipterocarpus alatus (Dial) in gaps and lines. 


Seedlings were raised at the experimental nursery of the Fac¬ 
ulty of Forestry, National University of Laos. In each gap, 16 
nursery-raised seedlings were planted at 2m x 2m spacing, re¬ 
sulting in 256 seedlings per hectare. Each species was planted 
solely in a given gap. For line planting, 50 seedlings per line were 
planted at 2 m spacing, resulting in 250 seedlings per hectare. 
Cleaning of the lines and gaps were made twice at the beginning 
and once per annum afterwards for the first 5 years. In 2007, seven 
gaps and lines each (considered as replicates during data analysis) 
were randomly chosen for data collection for each species. During 
the inventory, all individuals in gaps and lines were counted, and 
their root collar diameter and height were measured. 


Statistical analysis 

Survival rate was computed for each species and planting method 
as the proportion of individuals encountered seven years after 
planting to the initial number of planted seedlings. The mean 
height and root collar diameter of all individuals per gap and line 
were computed and used for further statistical analyses. Prior to 
analysis of variance (ANOVA), the survival rate was arc- 
sine-transformed to meet the normality and homogeneity of va¬ 
riance assumptions (Zar 1996). 

ANOVA was performed based on the following general linear 
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model: 

Y yk = P +ft + Aj + + £ ijk ( 1 ) 

where Y ijk is the response variable (survival rate, diameter and 
height), [i the overall mean, the effect of enrichment planting 
method, Xj the effect of species, the interaction effect, and s ijk 
is the random error with k number of replicates. Means that ex¬ 
hibited significant differences were compared using Tukey’s test 


at the 5% level of significance. To examine the population struc¬ 
ture of planted seedlings after seven years, individuals from each 
planting method and species were grouped into five collar di¬ 
ameters (< 1.0 cm, 1.0-1.9 cm, 2.0-2.9 cm, 3.0-3.9 cm and >4 cm) 
and height (< 100 cm, 100-190 cm, 200-290 cm, 300-390 cm and 
> 400 cm) classes. Statistical analyses were performed using the 
SPSS 15 software package (SPSS 15 for Windows, Release 2006 
Chicago: SPSS Inc.). 


Table 1. Distribution, habit, conservation status and economic importance of the species represented in the study. 


Family Species _ Distribution & habitat _ Habit & status _ Uses _ 

D. alatus* Native to evergreen & dry deciduous forests of Large tree up to 40 m tall and 150 cm in diameter; Timber, 

c3 

g Cambodia, Laos, Myanmar, Philippines, Thailand, shade-tolerant and fast growing; endangered species oleoresins, 

& Vietnam, Bangladesh, Andaman islands; occurs medicine, soil 

o gregariously along rivers at 0-500 m altitudes improvement 

o “ “ ~ * ■ _____ - ■ ■ ■ — “ - - 

Hh V cinerea* Occurs in dry evergreen forests of Cambodia, Large tree up to 30 m & 90-100 cm in diameter; Timber, 


Laos, Malaysia, Myanmar, Thailand, Vietnam_evergreen tree; shade-tolerant; endangered species_medicine 


c3 

(Z3 

A. xylocarpa * 

Native to Cambodia, Laos, Myanmar, Thailand, 
Vietnam; occurs in deciduous forests at 100-650 m 

altitudes 

Tree up to 30 m tall & 150 cm in diameter; 
light-demanding; deciduous; endangered species 

Timber, food, 
tanning, soil 
improvement 

O 

£ 

s 

2 

00 

<D 

fcj 

D. cochinchinensis * 

Occurs in mixed deciduous forests of Cambodia, 
Laos, Thailand, Vietnam at altitudes of 400-500 m 

Evergreen tree up to 30 m tall, 60-80 cm in diameter; 
drought-tolerant but slow growing; shade-tolerant at 
the young age; vulnerable species 

Timber, soil 
improvement, 

03 

rj 

cs 

-s 

Ph 

P. macrocarpus 

Native to Indochina, northern Thailand and 
Myanmar; introduced to India and the Caribbean 

Medium-large tree (25 m tall and 170 cm in 
diameter); light-demanding; deciduous, endangered 
species 

Timber, 

medicine 


* IUCN World list of Threatened Trees 


Results 

Survival and growth 

After seven years of planting, survival rate varied significantly 
among species, but not between enrichment planting methods, 
while root collar diameter and height varied significantly among 
species and between enrichment planting methods (Table 2). 
Significant interaction effect was observed for height. Generally 
survival rate was less than 55%, and the lowest survival rate was 
observed for P. macrocarpus and A. xylocarpa whereas the 
highest survival rate was recorded for D. alatus and V. cinerea 
(Table 3). For all species combined, seedlings planted in gaps 
had higher root collar diameter and height growth than those 
planted on lines after seven years (Table 4). Among species, root 
collar diameter was significantly lower for P. macrocarpus and A. 
xylocarpa than D. alatus and V cinerea at all levels of enrich¬ 
ment planting methods (Table 4). The root collar diameter of D. 
cochinchinensis did not differ significantly from P. macrocarpus, 
A. xylocarpa and D. alatus, while it was significantly low when 
compared with V. cinerea. Height growth after seven years was 
the highest for D. alatus and V. cinerea compared to the other 
species investigated in the present study (Table 4). Particularly, 
height growth was favored in gaps for V. cinerea while that of D. 
alatus in line plantings. The rest of the species did not differ 
among themselves in their height growth. 
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Table 2. Summary of ANOVA results for effects of species and 
planting methods on survival rate, root collar diameter and height 
after seven years of planting in mixed deciduous forests in Laos. 


Source of Survival_Diameter_Height 


variation 

U.i 

F 

P 

F 

P 

F 

P 

Planting 

method 

1 

1.44 

0.236 

7.84 

0.007 

9.37 

0.003 

Species 

4 

12.30 

<0.0001 

10.71 

<0.0001 

10.89 

<0.0001 

Species 

X 







Planting 

method 

4 

0.16 

0.958 

2.37 

0.058 

3.13 

0.021 

Error 

60 








Table 3. Survival rate (Mean ± SE, %) of five tree species after seven 
years of planting in gaps or lines in mixed deciduous forest 

Species (S) _ Planting method (M) _ 

_Gap_Line_Overall mean (S) 


Pterocarpus macrocarpu 

34.3 

± 

4.3 

28.8 

± 

3.4 

31.6 

± 

2.7 a 

Afzelia xylocarpa 

36.0 

± 

4.0 

32.3 

± 

4.0 

34.2 

± 

2.8 ab 

Dalbergia cochinchinensis 

44.7 

± 

4.2 

41.1 

± 

4.5 

42.9 

± 

3.0 b 

Dipterocarpus alatus 

50.0 

± 

1.8 

50.1 

± 

2.7 

50.1 

± 

1.6 C 

Vatica cinerea 

52.8 

± 

3.0 

51.0 

± 

3.9 

51.9 

± 

2.4 C 

Overall mean (M) 

43.6 

± 

3.5 a 

40.7 

± 

3.7 a 





Means followed by the same letter across the column and the row are not 
significantly different for species (S) and planting methods (M), respectively. 
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Table 4. Root collar diameter and height (Mean ± SE) of five tree 
species after seven years of planting in gaps or lines in mixed 
deciduous forest 


Species 

Root collar diameter (cm) 

Gap 

Line 

Overall mean (S) 

Pterocarpus macrocarpus 

1.6 ± 0.2 

1.3 ±0.1 

1.5 ± 0.1 a 

Afzelia xylocarpa 

1.6 ± 0.1 

1.4 ± 0.1 

1.5 ± 0.1 a 

Dalbergia cochinchinensis 

2.0 ± 0.1 

1.8 ± 0.2 

1.9 ± 0.1 ab 

Dipterocarpus alatus 

2.0 ± 0.1 

2.2 ± 0.2 

2.1 ± 0 . 1 bc 

Vatica cinerea 

2.9 ±0.3 

2.0 ± 0.1 

2.4 ± 0.21 c 

Overall mean (M) 

2.0 ± 0 . 2 a 

1.7 ± 0.1 b 


Species 


Height (cm) 



Gap 

Line 

Overall mean (S) 

Pterocarpus macrocarpus 

172.4 ± 15.8 

145.8 ± 10.9 

159.1 ±9.9 a 

Afzelia xylocarpa 

163.3 ± 14.8 

145.4 ± 9.4 

154.3 ± 8 . 8 a 

Dalbergia cochinchinensis 

199.6 ±7.9 

174.6 ± 19.1 

187.1 ± 10.5 a 

Dipterocarpus alatus 

195.5 ±7.6 

202.3 ±21.9 

198.9 ± 11.2 ab 

Vatica cinerea 

315.0 ±36.2 

203.1 ± 17.0 

259.1 ±24.7 b 

Overall mean (M) 

209.2 ± 16.5 a 

174.3 ± 15.6 b 



Means followed by the same letter across the column and the row are not 
significantly different for species (S) and planting methods (M), respectively. 

Size class distribution 

The pattern of root collar diameter distribution differed among 
species, with slight variation between enrichment planting me¬ 
thods (Fig. 2). For P. macrocarpus , 80% of the individuals were 
distributed in the first two lower diameter classes in both gaps 
and planting lines. Large size individuals (> 3 cm) were not en¬ 
countered in line plantings, but as many as 16 individuals were 
recorded in gaps per ha. For A. xylocarpa, the diameter class 
distribution was like a normal curve, with 57% of the individuals 
found in 1.0-1.9 cm class in both gaps and planting lines. Indi¬ 
viduals of A. xylocarpa with root collar diameter more than 3 cm 
were encountered in planting gaps only. For D. cochinchinensis, 
the pattern of diameter class distribution differed between gaps 
and planting lines. A large number of individuals in gaps had 
diameters ranging from 1.0 cm to 2.9 cm while the largest num¬ 
ber of individuals on planting lines had diameters as large as 
3.0-3.9 cm, but none of the planted seedlings reached more than 
4 cm diameter during seven years. The pattern of diameter class 
distribution for D. alatus was similar to that of D. cochinchinen¬ 
sis in both gaps and planting lines, except the occurrence of some 
individuals (16 individuals/ha) on the planting lines that have 
reached > 4.0 cm in diameter. For V. cinerea , there was a notable 
difference in the pattern of diameter class distribution between 
gaps and planting lines. The number of individuals distributed 
across the diameter classes was slightly different in gaps while 
the largest number of individuals planted on the lines reached as 
big as 3 cm diameter. 

The pattern of height class distribution also differed among 
species and between enrichment planting methods (Figure 3). A 
relatively large number of planted seedlings reached a height of 
100-190 cm within seven years, for instance P. macrocarpus on 
planting lines, D. alatus, V cinerea and D. cochinchinensis in 
gaps, and A. xylocarpa in both gaps and planting lines. For all 


species, a good number of planted seedlings grew up to 300 cm 
in height. Notably, a good number of seedlings of D. alatus on 
planting lines and V cinerea in gaps were observed in 300-390 
cm and more than 400 cm height classes, respectively. 
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Fig. 2 Diameter class distribution of five indigenous species used in 
gap and line enrichment planting (I = < 1.0 cm, II = 1.0-1.9 cm, III = 
2.0-2.9 cm, IV = 3.0-3.9 cm, V = > 4.0 cm). 
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Fig. 3 Height class distribution of five indigenous species used in gap 
and line enrichment planting (I = < 100 cm, II = 100-190 cm, III = 
200-290 cm, IV = 300-390 cm, V = > 400 cm). 


Discussion 

The survival rate of planted seedlings did not differ between 
planting gaps and lines after seven years of planting. The steadily 
closure of the canopy, starting the second year due to rapid growth 
of bamboos and the intermediate canopy trees, reduced the level 
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of irradiance in both gaps and planting lines. The quantity and 
quality of light is a key factor influencing the survival rate and 
growth of planted seedlings (Pena-Carlos et al. 2002; Leakey et al. 
2003; Romell et al. 2008). Such low level of irradiance favored 
the survival of shade-tolerant species, such as D. alatus and V. 
cinerea while affecting the survival of light-demanding species 
like P. macrocarpus. Generally, dipterocarps germinate and be¬ 
come established in low irradiance under a forest canopy, albeit 
considerable inter-species variation in growth response to dif¬ 
ferent light conditions (Tennakoon et al. 2005; Romell et al. 2008). 
The dipterocarp species in our study also showed differences in 
diameter and height growth in relation to the level of light. V. 
cinerea appeared to be less shade-tolerant than D. alatus, as the 
former species performed well in gaps that were relatively more 
open than the heavily shaded planting lines. 

The survival rate of the studied species is comparably lower 
than values reported in other enrichment planting studies in the 
tropics (e.g. Pena-Carlos et al. 2002; Marod et al. 2004; Romell et 
al. 2008). Generally, the survival of planted seedlings depends on 
the inherent performance potential of seedlings (seedling quality) 
and to what extent the environmental conditions of the site allow 
this potential to be expressed (Folk and Grossnickle 1996). Al¬ 
though we do not have data on root to shoot ratio, it has been 
shown that favorable root to shoot dry mass ratio (> 1.0 g/g) at the 
time of planting - an attribute, which also continued to persist in 
the field - enhances survival of planted seedlings (Zida et al. 
2008). Seedling mortality can occur as a direct result of drought or 
non-drought stressors, such as herbivores, pathogens and compe¬ 
tition exacerbated by drought. 

In tropical seasonal forests, like our study site, drought is 
known as an important mortality factor for tree seedlings (Lie- 
berman and Li 1992; Gerhardt 1998; Marod et al. 2004). In a 
watering experiment, Marod et al. (2004) have shown that drought 
is the apparent cause of mortality for D. alatus seedlings while 
damping off disease affected the survival of drought-adapted P. 
macrocarpus seedlings during the rainy season (Marod et al. 
2002). Several studies have also shown that seedling predation is 
one of the apparent causes of seedling mortality. For example, 
Teketay (1997) suggested that defoliation by insects was one of 
the causes of seedling mortality in dry Afromontane forest species; 
Montagnini et al. (1997) observed that the periodic attack of the 
twig girdler Oncideres spp. affects the survival of Ocotea pu- 
berula (Nees et Mart.) Nees used in enrichment planting in Ar¬ 
gentina; Gerhardt (1998) found that defoliation exceeding 50% 
combined with drought accounted for increased mortality in two 
Neotropical secondary forest species; Engelbrecht et al. (2005) 
attributed the high mortality of Andira inermis (W. Wright) DC in 
both wet and dry plots to predation by beetles; and Zida et al. 
(2008) ascribed the mortality of Pterocarpus erinaceus Poir 
seedlings in wet plots to herbivory by rodents, ants, and grass¬ 
hoppers. We also observed predation by rodents and leaf blights 
on seedlings growing in both gaps and planting lines (Sovu pers. 
obs). As a whole, a combination of these inherent and environ¬ 
mental factors could be the cause of low overall survival of 
planted seedlings in the present study. 

Once established, seedling growth was favored in gaps than in 
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planting lines; notably height growth, which could be related to 
the relatively better light condition in gaps than lines. During the 
inventory, we noted that the planting lines were heavily over¬ 
shadowed by the crown of the surrounding big trees and ram¬ 
pantly growing bamboos compared to the planting gaps. Our 
result is consistent with previous studies on dipterocarp seedlings 
that grow faster under more open canopies than closed ones 
(Adjers et al. 1995; Otsamo 2000; Bebber et al. 2002; Marod et 
al. 2004; Romell et al. 2008). In spite of the fact that all seedlings 
of each species had similar size at the time of planting, the di¬ 
ameter and height class distributions of individuals after seven 
years were irregular in both planting gaps and lines, suggesting 
uneven light conditions. 

Maintaining an even light condition in enrichment planting of 
a multistory mixed forest has been a challenge (Adjers et al. 
1995; Abebe 2003). Bamboo as overstory layer could have an 
important effect on growth of planted seedlings. It has been 
shown that bamboo and liana cutting increased the solar radiation 
reaching the understory by 100%, and promoted sapling survival 
and growth rates while the increased occurrence of bamboo in¬ 
hibited tree sapling abundance and richness in gaps (Campanello 
et al. 2007) as well as in secondary forests developed on swidden 
fallows (Sovu et al. 2009). In addition, young bamboos heavily 
compete with other trees for soil resources (Tripathi et al. 2005). 

The marked variation in growth among species is associated 
with their ecological adaptations. The shade-tolerant dipterocarp 
species are acclimatized to photo synthesize more sufficiently 
under low irradiance level than light-demanding species (Marod 
et al. 2004; Romell et al. 2008). The inter-species variation in 
growth can also be related with their leaf phenology. While the 
dipterocarps are evergreen, the legumes are shedding their leaves 
during the dry season, thus, the latter have reduced photosynthe¬ 
sis efficiency although leaf shedding is an adaptation to drought 
in seasonally tropical dry forests. A study made in Thailand has 
shown that dry season watering prolonged leaf longevity, which 
in turn increased growth of planted P. macrocarpus seedlings 
(Marod et al. 2004). In addition, stored carbon, through accumu¬ 
lation during the rainy season, may affect the survival positively 
during the dry season for these evergreen species (Newell et al. 
2002). Generally, the mean annual increment of diameter and 
height ranged from 0.15-0.28 cm-a 1 and 18.44-32.72 cm-a 1 , 
respectively; P. macrocarpus being the slowest and V. cinerea 
being the fastest growing species. This finding is consistent with 
that of Wallis (1994) who recorded comparably similar growth 
rate of the studied species in a plantation and, thus, classified P. 
macrocarpus, A. xylocarpa and D. cochichinensis as 
slow-growing and D. alatus and V. cinerea as medium-growing 
species. 

Reliable seedling survival is a requirement for successful en¬ 
richment planting programs and efficient procedures for gap 
creation is an important step towards improved post-planting 
survival (Romell et al. 2008). Although the planting line adopted 
in our study had yielded good results elsewhere (Adjers et al. 
1995; Pena-Carlos et al. 2002; Abebe 2003), the degree of canopy 
closure was high in our cases, which, in turn, led to reduced sur¬ 
vival and growth of light-demanding leguminous species. Simi- 
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larly, the planting gaps favored shade-tolerant species over 
light-demanding species due to low level of irradiance in the 
sub-canopy layer, albeit relatively being better than in planting 
lines. Thus, the size of planting gaps needs to be bigger than 8x8 
m employed in the present study. For example, Tuomela et al. 
(1996) recommended 500 m as optimal gap size for enrichment 
planting of dipterocarps in logged-over rainforests. In our case, a 
gap size that balances the performance of both light-demanding 
and shade-tolerant species has to be sought for, as these species 
are highly esteemed for their timber values. Alternatively, the 
planting gaps should be tended not only by cleaning the 
sub-canopy vegetation but also by maintaining the canopy open¬ 
ness by thinning the canopy and intermediate (such as bamboo) 
layers periodically. Generally, a decrease in stand density to an 
intermediate level has been shown to enhance the growth rate of 
under-planted seedlings (Paquette et al. 2006). This later option 
may be costly though. With regard to line planting, increasing the 
planting width is generally believed to be accompanied by in¬ 
creasing seedling growth. However, the difficulty to maintain 
constant line width and the resulting uneven light condition cou¬ 
pled with the cost of annual tending operation make it less ap¬ 
pealing. Moreover, the rigid geometric pattern of line planting 
makes the stands look less natural. Thus, refreshing canopy gaps 
and planting mixed species in gaps created during logging opera¬ 
tions including log landings and skidding trials may compensate 
for high cost of initial clearing of planting lines. 

Conclusions 

The results from the present enrichment planting study elucidated 
that gap planting favors the growth of planted seedlings over line 
planting, but not survival rate. This is attributed to an overall low 
light availability in the understory due to canopy closure, par¬ 
ticularly rapidly in planting lines. D. alatus and V. cinerea had 
the best performance in terms of mean survival, diameter and 
height, and hence are recommended for enrichment planting 
under mixed deciduous forests. For D. cochichinensis, P. mac- 
rocarpus and A. xylocarpa with relatively low survival, increas- 
ing the gap size (400-500 m ) or line width (4-6 m) enhances 
light availability, which is an essential requirement for their es¬ 
tablishment and growth. Alternatively, these leguminous species 
can be employed in plantations of mixed species on open sites or 
under canopy of young swidden forests. 
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